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Presentation Outline
What are Endocrine Disrupting

Compounds (EDCs)?

Why are EDCs important?

Why use Lake Mead as an
example?

 History of EDC Work at Lake Mead

 Has this work been important for
management of Lake Mead and
other lakes?



Endocrine Disruption

Process by which a chemical from outside an
organism causes ADVERSE health effects by

changing the endocrine function of the organism

For more about endocrine disruption:
Sumpter and Johnson (2005) ES&T,v39, pp 4321- 4332

Jobling and Tyler (2006) EHP, v 114, supplement 1

http://www.tmc.tulane.edu/ecme/eehome/
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Why are EDCs Important?

 Since the 1990’s there has been evidence that
synthetic organic compounds cause disruption to the
endocrine system of fish and other aquatic organisms

 These finding were controversial, but were
substantiated in multiple studies over many years and
different locations

 This then led to the controversy of whether EDCs
released to the environment affect Human health

 There is still controversy about whether there is an
affect on Human health through water



Chronic Exposures of Aquatic
Wildlife to EDCs

 Wildlife do not have the benefit of analyzing and treating
their food and water prior to consumption

 Aquatic organisms are particularly susceptible to
pollutants in the water: They are exposed constantly

 Fetal development is regulated by the endocrine system

 Low doses of ECs at critical points during fetal
development may have profound impacts on the
development which may last through maturation



Why Study Lake Mead

• Historic use chemicals present in sediment & biota (i.e.
chlorinated pesticides, PCB’s etc.)

• Chemicals from manufacturing plants and defense related
industries since 1940’s. (e.g. perchlorate etc).

• Tertiary treated effluent (currently >190 million gallons
daily, expected to increase to 400 million gallons daily by
2050).

• Storm-water runoff and other non-point sources
CSI: Las Vegas – “The case of the
cross-dressing carp”

Broadcast 18 Oct. 2007



1950
Pop 47,000

2000
Pop 1,300,000

Population Growth in Las Vegas Valley

2014 population 2.1 million
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How did the USGS get involved

 As part of the National Water
Quality Assessment (NAWQA)
program Lake Mead was studied
for water quality

 Relatively new types of fish tissue
research was also included in the
water quality sampling

 Results were published in a USGS
report in 1996

 Results were not met with
overwhelming enthusiasm….
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Possible EDC Effects seen at Lake Mead
from 1996 USGS report

 Genital and gender characteristic
abnormalities

 Gonadal tissue irregularities (“intersex”)

 Vitellogenin induction in

males

 Skewed sex-ratios

 Bad Temper!
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Cartoon from Las Vegas newspaper in 1996
when EDCs were first reported in Lake Mead



Are EDCs important in Lake Mead?

 Associated Press article
on pharmaceuticals in
water supplies and their
effect on aquatic
organisms created quite
a bit of interest in EDCs

 Senate hearing held in
April 2008

Reno Gazette-Journal March 11, 2008



For Immediate Release, November 16, 2009

Endocrine-disrupting Chemicals,
Risk to Human Health and Wildlife Survival,
are Polluting Lake Mead

In 2009 the Center for Biological
Diversity Petitioned NDEP to list some

waters of Lake Mead

CBD petitions Nevada Division of Environmental
Protection to list Lake Mead, Las Vegas Wash and Bay
on 303(d) list of impaired waters



Lake Mead timeline of EDC understanding

Publication of USGS
WRIR on EDCs in
Lake Mead

1996 2003

Publication of Patiño et
al, 2003 showing
histopathological effects
on carp

2005

2012 2015

Publication of USGS
circular on Lakes Mead
and Mohave – cooperation
of all agencies involved in
Lake Mead

Media and local
government
reaction was not
positive

Snyder et al 2001, and
other references
indicates there is no
toxicological relevance
to organic chemicals in
Lake Mead. One drop
in a swimming pool
analogy. Caged fish
also show no effects.

New USGS studies
from 2005 to 2010
show continued effect
on Lake Mead. But
with smaller impact

Two USGS journal
articles show impacts
on both Carp and
Large Mouth Bass in
Lake Mead
Total of 19 pubs by
USGS on EDCs

2009

CBD requests listing of
LM to EPA 303d list

Recognition that aquatic
wildlife may be at risk
begins at Lake Mead

20062001 2013

Publication of USGS
Video >250,000 hits

Improvements to waste water treatment plants



Where are EDCs Coming From?
Example of Galaxolide (µg/L) at 8 m depth in Lake Mead

Overton Arm

<0.0005

Colorado R Inflow

<0.0005
Colorado R Outflow

<0.0005

Sentinel Island

0.001

Las Vegas Bay

0.06

Las Vegas Wash
Below STPs

0.4

Las Vegas Wash
Above STPs

<0.0005

Data on next three slides from Rosen et al. (2010)



Compounds Detected in Las Vegas Wash Upstream
of WWTPs (21 different detections)

PCPs

 Caffeine

 4-tert-octylphenol

PAHs

 Pyrene

 Various napthalene
compounds

 Phenanthrene

 Benzo (a) pyrene

Pesticides/herbicides

 Chlorpyrifos

 Dacthal

 Trifluralin, Benfluralin

 Hexachlorobenzene – banned in

1966 in USA

 Industrial

 BDE (47,99)

 Pentachloroanisole
(degradation of PCP)

 5-methyl-1H-benzotriazole

 para-cresol

 Tris (2-butoxyethyl) phosphate



Compounds Detected in Las Vegas Wash
Downstream of WWTPs (35 different detections)

PCPs

 Galoxolide

 Tonalide

 4-tert-octylphenol

 Triclosan

PAHs

 Pyrene

 Anthracene

 Phenanthrene

 Benzo (a) pyrene

Pesticides

 Chlorpyrifos

 o,p’ DDE

 Trifluralin

 HCB

 Trans & Cis Chlordane

Industrial

 BDE (47,99,100,138,

146,180)

And others



Effects in Male Carp

From high to low, reproductive
condition by site can be classified as:

OA > LVB > LVW > WB

Tumors and Intersex fish found in Willow Beach
Carp

EDCs found in carp include
Methyl Triclosan,PBDEs,

DDT (and metabolites), Fragrances

Las Vegas Bay Overton Arm
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Reproductive hormones

11KT/E2

11KT Comments

• Highest levels of plasma 11KT and
11KT/E2 ratios found in OA males

• Lowest levels of plasma 11KT and
11KT/E2 ratios found in LVB males

From data in Patiño et al. (2015)



Effects in Male
Largemouth Bass

Relatively low KT levels and high
E2/KT ratios in Las Vegas Bay males
are consistent with reduced health

and reproductive condition

Only two sites have bass samples collected
chemical data show similar trends to carp

The differences between sites were most
evident just prior spawning period

(March 2008)

From Goodbred et al. (2015)



Total (%) Duration (s)

Las Vegas Bay 72.3 (4.1) 40.2 (1.1)

Reference Site 87.1 (1.4) 42.8 (1.6)

Motility of Endangered Razorback Sucker sperm

From data in Jenkins et al. (2011)



Evolution of reaction to EDC studies

1990’s when first studies came out saying EDCs present in aquatic
ecosystems

REACTION: no effect on aquatic wildlife

Early 2000’s when many studies showed effects of EDCs on
aquatic ecosystems

REACTION: Well, there is some effect on wildlife, but not on
humans

2010s: Studies are beginning to come out on EDC effects on
Primates1

REACTION: ???? None yet, too early and not well publicized or
replicated yet

1Sobolewski, M. et al, 2014. Sex-specific enhanced behavioral toxicity induced by maternal exposure
to a mixture of low dose endocrine-disrupting chemicals. NeuroToxicology 45 121–130.



Conclusions

 As more and more studies have been published since the
1990s, it became difficult to continue to assert that there was
no affect on aquatic wildlife, even when chemical
concentrations were at “low” levels

 Mixtures of EDCs at low concentrations may be important

 Affects on human health are less certain, but there is new
evidence suggesting a link, although there is likely much
more direct and concentrated routes of EDCs to human
health

 Studies in Lake Mead and other places have shown that
EDCs can affect aquatic wildlife, and these studies have
helped to improve wastewater treatment in large cities,
including Las Vegas
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Questions?
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